Thermal Infrared (TIR) imaging of breasts involves a non-invasive, non-ionized, passive, safe and painless scan of the breasts. It is a graphing of the changes in breasts skin temperature using thermography. Thermograms are temperature distribution patterns wit h different colors to indicate temperature of the different regions within the tested breast, each color refers to a certain temperature range. In this work, three breast thermography images: one for normal case and two for cancerous cases, were employed to test the performance of the proposed segmentation methods: Region growing; clustering (K-means and FCM) algorithms and Histogram based enhancement technique to segment, detect and isolate the suspicious abnormal regions. These techniques were performed with the aid of suitable morphological operations to get the refined regions of interest. The results proved the efficiency of the proposed techniques to extract the abnormal (of high temperature) regions.
Introduction
Many types of examining techniques for breast diseases diagnostic purposes are available including: Mammography, MRI, CT scan, Ultrasound, Thermal IR imaging (Thermography) and PET imaging. Mammography screening is the most popular testing technique, but this technique is not suitable for women aged younger than 40 years and women with dense beasts. As well as, it is invasive examining method utilizes an ionizing radiation (X-rays) and causes discomfort feeling due to the high compression of the patient breasts [1] . Thermography imaging technique can detect exceeding temperature regions (hot spots) that belong to pre-cancerous and cancerous tissues of breast, where these spots associated with high blood vessels and chemical changes [1] , [2] . The principle behind this is that, cancerous cells need a large amount of nutrient for their exceeding growth and as a result, the metabolic activity becomes higher in their surrounding area. So, the temperature will be higher in this region compared with other regions [3] . According to this, tumors can be considered as a heat source that cause temperature increasing in the surrounding area of the cancerous region and this can be seen as a hot spot in IR Thermograms [4] . Consequently, IR Thermograms could be a first indicator for detecting any cells that may form a cancer or the existed cancerous cells, in many cases from (4-10) years before they be detected by any other imaging techniques including mammography [1] . IR Thermography imaging is safe, passive, non-invasive, utilizing non-ionizing radiation sources, causes no pain and comfort to the patient [4] . In IR Thermograms, the thermal information are demonstrated in a pseudo colored image, acts as a heat distribution pattern of the patient skin, in which each color refers to a certain temperature range [1, 2] . There are many researchers work on the breast thermograms utilizing different methods of image processing to investigate the existence of abnormal regions within the samples of Thermal IR images of breasts. The methods that employed by them ranged from edge detection, clustering and neural networks, as well as other methods. For more details of these studies see for instance [5] [6] [7] [8] [9] . Segmentation techniques. These image were submitted to the proposed segmentation techniques, which are: Region growing, Kmeans and Fuzzy C-mean (FCM) clustering algorithms and histogram based enhancement technique that employed here for segmentation purpose.
Methods
Three methods were implemented in this work, which are:
Region growing method
Region growing method usually starts by locating some centroids or seeds each of them represents a distinct region in the image. The seeds began to grow until they eventually cover the entire image. The region growing process is controlled by the rules that describe the mechanism of growth and the one that checks the regions' homogeneity at each growth's step [10] . For more details about the theory of Region growing algorithm see [11] . Many studies were employed this algorithm to segment medical images, such as: [10] , [12] [13] [14] [15] 
Clustering (K-means and FCM) algorithms
Clustering represents a process of segmenting and classifying objects in digital images in such a way that, pixels of the same group are more similar (have the same gray levels, intensity or colors within some criteria) one to another than samples in different groups [10] .
K-means clustering algorithm is a hard scheme of clustering, it attempts to find groups of pixels (called clusters) within the dataset having similar feature vectors such as intensity, gray levels or colors. The number of clusters has to be fixed in prior. The algorithm involves gathering points of the dataset that have similar feature vectors into a single cluster (segment) and gathering the other data points of non-similar feature vectors into different clusters [16] . Fuzzy c-means (FCM) algorithm is a soft scheme of clustering, in which the dataset point (pixel) is allowed to belong to more than one cluster with different probability or membership grade [16] . For more details see [10] . Many researchers had successfully employed these algorithms to segment medical images, see for instance: [2] , [17] [18] [19] [20] [21] .
Histogram equalization technique
Histogram equalization Technique is utilized to enhances the contrast of the digital images by transforming the values of the image's intensity, so that the histogram of the output enhanced image approximately agrees or matches a pre-specified histogram [22] . In this work, histogram based enhancement technique is employed to achieve segmentation process to extract the abnormal suspicious regions that own high temperature in the temperature distribution images (IR thermograms). For more details about the theory of Histogram equalization technique see [11] .
Experimental dataset
In this study, three breast IR thermograms were adopted. One image is of a normal case, while the other two images were for abnormal cases. The normal breast thermogram was acquired in 3 July, 2018 from American College of Clinical Thermology [23] . This image shows thermal distribution symmetry without any suspicious vascular patterns or significant thermal findings (abnormality) [23] , this normal image is presented here for comparison with abnormal images. The two abnormal images were acquired in 3 July, 2018 too from the internet website [24] . The first abnormal IR thermography image shows a significant amount of thermo vascular activity in the left breast. The patient was referred back to her doctor for further testing. The biopsy result was positive for inflammatory breast cancer. The second abnormal thermography image for another patient shows a large hot region and engorged blood vessels throughout most of the left breast. The patient was advised for an immediate mammography test and follow-up ultrasound test. The mammogram and ultrasound test detected a suspicious area in the left breast, and the biopsy confirmed that it was a cancer [24] . The two abnormal breast thermograms were employed to test the performance of the proposed techniques for segmenting these images and extracting the suspicious regions. Fig. (1) presents the adopted experimental breast thermograms: first image is for the normal case, second image for the first abnormal case and the third image for the second abnormal case. 
Experiments and methodologies
The procedure of this work involves implementing the proposed segmentation techniques, the block diagram of Fig. 2 summarizes this procedure. 
Preprocessing step: clipping the extra parts
In this step of the work, the extra parts which are shoulders, neck and the upper part of the abdomen were clipped to process the breasts region only in order to minimize the calculations and to eliminate the processing time as well as to avoid the similarity among the intensity distribution of the breasts and other extra parts. The second operation in this step is to convert the input colored images into gray form to facilitate the segmentation process. The results of this step are presented in Figs.3 to 5 for the three images respectively. The original input images were of sizes 600x475; 304x231 and 304x228 pixels for normal, first abnormal and second abnormal images respectively. After clipping undesired parts, the images sizes became: 457x266; 201x141 and 245x153 pixels for the three images respectively.
Segmentation step
In this step of the work, four techniques were implemented to segment the adopted abnormal breast IR thermograms.
Region growing method
Region growing, which is region based segmentation method, was implemented on the two abnormal thermograms with different differentiation threshold values ranged from 10 to 60 with steps of 5. The results for the first abnormal image are presented in Fig. 6 . From the results, it was found that the value 60 is a suitable differentiation threshold value to help extracting abnormality region after applying contouring process to the resultant region growing segmented images. The elapsed time of implementing Region growing method with different values of differentiation threshold (10-60) with steps of 5 was calculated. These times are presented in Table 1 , it is cleared that, elapsed time decreases as the differentiation threshold value increases. The steps of extracting abnormality (high temperature) region of the two abnormal input image by implementing Region growing method with differentiation threshold equals 60 followed by contouring process are illustrated in Figs.7 and 8 for first and second abnormal images respectively. Region growing method followed by contouring process proved its efficiency to segment breast thermography images.
K-means algorithm
K-means algorithm with different number of clusters is employed to cluster the adopted two breast thermograms. The results showed that, the number five is the proper number of clusters to segment these two abnormal breast IR image. The results of implementing K-means on the first and second experimental abnormal images with 5 clusters followed by morphological suitable processes are presented in Figs 9 and 10 respectively. 
FCM algorithm
After trying many number of clusters, it is found that, the number five clusters is proper to segment the two abnormal breast thermal IR images by utilizing FCM algorithm. The results of implementing FCM on the first and second abnormal thermography images with 5 clusters are presented in Figs 11 and 12 respectively. 
Histogram equalization
In this step of the work, Histogram equalization enhancement technique utilized here for segmentation purpose. This technique was implemented to extract the abnormal suspicious region in the first abnormal thermogram. The results of applying this technique with the aid of suitable morphological operations to get refine abnormal suspicious region, is demonstrated in Fig. 13 . Fig . 13 shows the steps of extracting abnormal region in first abnormal thermogram, it is cleared that, this technique succeeded robustly to isolate and extract the suspicious abnormal region.
Conclusion
In this work, three breast IR thermograms, one for normal case and two for cancerous cases, were employed to test the performance of the proposed segmentation methods: Region growing; clustering (K-means and FCM) algorithms and Histogram equalization, which is histogram based enhancement techniques to segment, detect and isolate the suspicious abnormal regions. These techniques were performed with the aid of suitable morphological operations to get the refined regions of interest. From the results one can deduced that, Region growing method followed by contouring process proved its efficiency to segment breast thermography images after finding out the proper differentiation threshold value which equals 60; clustering K-means and FCM algorithms succeeded to perform good quality segmenting process after finding that 5 clusters is the suitable number of clusters to segment breast thermograms; as well as, Histogram equalization enhancement technique was a robust method to extract the abnormal suspicious region.
The results proved the efficiency of the four proposed techniques to extract the abnormal regions that own high temperature in the temperature distribution graphs (thermograms) of breasts.
